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Abstract 
A case study of typical Litopenaeus vannamei comprehensive utilization system in a factory has been performed. Life 
cycle assessment (LCA) provides a quantitative basis for assessment environmental and economic impact of a food 
production system. According to LCA methodology, the system investigated was divided into four subsystems: raw 
material acquisition, production, packaging, and transportation. The results showed that the comprehensive utilization 
patterns could create greater added value, and the environmental impact could be less than the previous production 
system. The most impact category is greenhouse effect (1.89×105). Thus, the utilization model of L. vannamei 
production belongs to clean production mode. To processing 1,000 kg L. vannamei, the total cost is ¥ 38,966. The 
total products value of frozen headless shrimp, seasoning material and feed additive is ¥ 53,355. 
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1. Introduction 
The food production industry requires large inputs of resources. Food production, preservation and 
distribution consume a considerable amount of energy, which caused several negative environmental 
effects. On the other hand, consumers in developed countries demand safe food of high quality that has 
been produced with minimal adverse impacts on the environment [1,2]. It is thus essential to evaluate the 
environmental impact and the utilization of resources in food industry system for sustainable 
consumption [3]. The concept of LCA evolved in the 1960s and there have been several efforts to develop 
LCA methodology since the 1970s, it has received much attention from individuals in environmental 
science fields since the 1990s[3-5]. LCA has been introduced to the field of food industry for assessment 
the environmental impact which caused by food production since the 1980s. 
The yield of Litopenaeus vannamei had shown a drastic increase during the 2000s in China, which had 
reached 2.5 million tons, amounted to more than 40 % of world yield, in 2009. L. vannamei was used to 
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sale in a fresh state in domestic markets and export in a frozen stage for overseas consumers. The L. 
vannamei production system of a factory in Guangdong, China, was chosen to studied. According to the 
criteria of ISO 14040, the LCA methodology was applied to study the L. vannamei production system 
in order to identify the most effective factor and provide valuable advises for clean production and 
improving production environment.  
2. Goal and scope definition 
2.1 The flow chart of L. vannamei comprehensive utilization system 
The flow chart of L. vannamei production system is shown in Fig. 1. 
 
Fig.1 Comprehensive utilization model of L. vannamei 
2.2 Goal de¿nition 
The goals of this study was to identify key issues associated with the life cycle of production system, 
such as the step which contribute most to the environment at input and output Àows, and then to propose 
and optimize the production system. 
2.3 Scope definition 
In this study, the processes which directly related to aims and functional units are taken into 
considering. The environment impact which caused besides the production system are not included, for 
example the environment impacts induced by mining for coal and petroleum. According to the actual 
processes of factory, the investigated system boundaries of L. vannamei production are shown in Fig. 2. 
 
Fig.2 Schematic presentation of the L. vannamei production system investigated 
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The production system investigated was divided into four subsystems. A summary of the subsystems 
and the processes included are shown in Table 1. 
Table 1 The L. vannamei production subsystems 
Subsystem Processes included 
Raw material acquisition Transportation of raw materials to the production factory 
Packaging The production of kinds of packaging 
L. vannamei production Head and body production of L. vannamei 
Transportation Transportation of the productions to the consumers 
2.4 The functional unit 
The functional unit includes production and transportion of frozen headless shrimps, feed additives, 
and seasonings makings which produced by 1000 Kg L. vannamei. 
3 Results and discussion 
3.1 Inventory analysis 
The inventory analysis is which the product system is defined. In the context, defining includes setting 
the system boundaries, designing the flow diagram with unit processes, collecting the data for each 
process, performing allocation steps for processes and completing the final calculations[12]. According to 
the data from China electricity statistics yearbook in 2009, the electric energy production reached to 
3404.7 billion KWH, and the portion of thermal power already achieved 81.82 %. The production per 
KWH required input of 327g SCE and 1.64×10-3 m3 water, output of 851.4g CO2, 6.27 g SO2, 3.15 g NOX, 
5.34 g PM. Thus the inventory analysis of average per KWH in 2008 can be obtained by structure of 
electric energy production and basic data of SCE emissions. The pollutants of vehicle that are calculated 
were HC, NOx, CO and PM, and so on. According to the criteria of EU 3, the emission quality of HC, 
NOx, CO and PM is 0.2 g/km, 0.15 g/km, 2.3 g/km, and 0.0 g/km, respectively. The calculation is based 
on the type and average speed of vehicle. Therefore we can obtain the environment impact data which 
caused by raw materials and products transportation. The final evaluation of the environmental score of 
each impact is calculated based on the formula of LACA [13, 14] and shown in Table 2.   
Table 2 Inventory analysis of Litopenaeus vannamei production system 
 Programs Quantity 
inputs 
L. vannamei /kg 1000 
Enzyme/g 2000 
Water /m3 58.12 
Coal/kg 358.5 
Gas/L 500 
outputs 
Waste water/m3 32.5 
Total nitrogen/g 315 
Dust/g 6.16×103 
CO2/g 9.34×105 
CO/g 1.15×104  
SO2/g 7.90×103 
NOX/g 0.72×103 
HC/g 1.0×103 
Frozen headless shrimp/kg 650 
Seasonings/kg 29.4 
Feed additives/kg 100 
3.2 Impact Assessment 
According to ISO 14040 and CNS 24042-2002, impact assessment in LCA generally consists of the 
following elements: classi¿cation, characterization, and valuation. Impact assessment is aimed at 
understanding and evaluating the significance of environmental impacts of a production system. 
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3.2.1 Classi¿cation 
Classi¿cation is the process of assignment and initial aggregation of life cycle inventory data into 
common impact groups. In this step, all emissions are sorted into classes according to the effect they have 
on the environment. Table 3 shows environment impacts classification of L. vannamei production system. 
Table 3 Sorts of environment impacts of Litopenaeus vannamei production system 
Category Consumption of resources or engenderer pollutant 
Greenhouse effect CO2, CO, CH 
Resource exhaustion Water, Coal, Gasoline, Enzyme, L. vannamei 
Eutrophication COD, SS, The compounds containing element N or P. 
Acidi¿cation SO2, NOX 
Human toxicity PM, Cl, Heavy metal ions 
3.2.2 Characterization 
Characterization is the assessment of the magnitude of potential impacts of each inventory Àow into its 
corresponding environmental impact. Characterization provides a way to directly compare the life cycle 
inventory results within each category. Characterization of L. vannamei production system was shown in 
table 4. 
Table 4 Characterization of environment impacts in Litopenaeus vannamei production system 
Impact category parameters Unit Characterized value 
Greenhouse effect CO2 equivalent g 9.45×105 
Resource exhaustion coal equivalent kg 359 
Eutrophication phosphate radical equivalent g 315 
Acidi¿cation SO2 equivalent g 7.90×103 
Human toxicity 1,4-dichlorobenzene equivalent g 6.16×103 
3.2.3 Valuation 
Valuation is the assessment of the relative importance of environmental burdens identi¿ed in the 
classi¿cation and characterization stages by assigning them weighting which allows them to be compared 
or aggregated. The valuation process commonly used method of equality weight for avoiding deviation of 
anthropic factor. Table 5 shows evaluation results of environmental impacts. 
Table 5 Valuation results of environmental impacts 
environment 
impacts 
category 
Resource 
exhaustion Eutrophication Greenhouse effect Acidi¿cation 
Human 
toxicity Evaluation results 
Weighted Value 7.18×104 63 1.89×105 1.58×103 1.23×103 2.64×105 
3.3 Interpretation of Results 
From the inventory analysis results, it can be seen that for many of the impact categories, L. vannamei 
production followed by raw material acquisition and transportation are the subsystems that contribute 
mostly to the adverse environmental impacts. Thus, the attempt to minimize the adverse environmental 
impacts caused by the production system should focus on the minimization of the resource exhaustion 
produced during these subsystems.  
3.4 Economical impact assessment 
According to the composition of LCA, the total cost divided into raw materials, production, and waste 
disposal in order to assessment the economy impact. 
3.4.1 The costs of raw materials (C1) 
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The costs of raw materials include raw materials purchasing, market research, and feasibility analysis. 
The price of L. vannamei, enzyme, water, coal, and gasoline is ¥ 24/Kg, ¥ 3/m3, ¥ 1/Kg, ¥ 6/L, 
respectively. The costing portion of product packaging is 2 % of the total cost. The cost of market 
research and feasibility analysis was within range of 0.3 % and 5 % of the total cost, and we pick up 2 %. 
So the total costs of raw materials can be obtained by the formula 1. 
Formula1: C1 = (24×1000+2×350+58.12×3+358.5×1+500×6)×(1+2%+2%) = 29,362.17  
3.4.2 The costs of production (C2) 
There are four main quantifiable costs associated with products production: energy consumption, 
equipment depreciation, testing and inspection product, and administration cost. According to 
characteristic of this industry, the costing portion of these four categories is 1 %, 5 %, 0.5 %, and 11 % of 
the total cost at the production stage. The price of frozen headless shrimp, Feed additives, and Seasonings 
makings is ¥ 71.500 /Kg, ¥ 200 /Kg, and ¥ 10 /Kg, respectively. So the total sales for those products can 
be obtained on the basis of the formula 2. 
Formula2: C2 = (650×71.5+29.4×200+100×10)×(1%+5%+0.5%+11%) = 9,337.12 
3.4.3 The costs of waste disposal(C3) 
The shrimp head, byproduct from traditional production system, was usually abandoned, which 
obviously caused environmental pollution. The additional value of products has been considerably 
improved by adding technology system. Therefore, the costing of waste water and gas produced by 
production system is the main consideration, which costing portion is 0.5 % of the total sales. In the end, 
the cost of waste dispose can be obtained by the formula 3. 
Formula 3: C3 = 53355×0.5% = 266.77 
3.4.4 The total cost (C) 
The assessment of evaluation of the economic score of each effect is calculated based on the formula 4. 
Formula 4: C = C1+C2+C3 = 29362.17+9337.12+266.77 = 38,966.06 
4 Conclusions 
LCA is used to assessment L. vannamei comprehensive utilization system for obtained quantifiable 
valuation of environmental and economic impact. Greenhouse effect is the most significant impact 
categories at the present production system. However, the environmental impact could be less than 
traditional production systems. So the process of this utilization model belongs to clean production. The 
results also showed that the comprehensive utilization patterns could create considerable added value.  
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